
















































































































































































































































































































                

 
 

 
               

 
  
 
 

 

 
     

 

                                                 
 

  

addition to addressing hazards such as sharp edges and strangulation, the recommendations 
include those that address the potential for falls from, and impact with, equipment as well as the 
need for impact-attenuating protective surfacing under and around equipment. In December 
2015, the CPSC attached an addendum to the front of the Public Playground Safety Handbook to 
clarify that “. . . Section 2.4 of the Handbook identifies shredded/recycled rubber mulch as an 
‘Appropriate Surfacing’ product, given that this product can meet the impact attenuation 
requirements of ASTM F1292, as long as minimum depths of the material are maintained, as 
specified in Table 2 of Section 2.5. This notation is solely focused on the impact attenuation to 
minimize serious head injuries and not on other aspects that may pose other risks, such as 
chemical exposure or ingestion” (CPSC 2010). The CPSC’s studies of recycled tire materials 
used in playground surfacing per the Federal Research Action Plan seek to improve 
understanding of potential chemical hazards to children using playgrounds. 

CPSC Activities Supporting the Federal Research Action Plan 
In 2016, the CPSC began several activities to gather information about the chemical safety of 
recycled tire materials in playground surfacing. As described in the Federal Research Action 
Plan, the CPSC joined its partner agencies, EPA and ATSDR, in the general activities of the 
recycled tire crumb rubber research effort, which include: 
 conducting data knowledge gap analysis 
 reaching out to key stakeholders 
 characterizing the chemical composition of recycled tire crumb rubber, 
 characterizing human exposures to recycled tire crumb rubber. 

The Federal Research Action Plan includes data collection efforts by the federal partners, which 
would support future risk assessments of recycled tire crumb rubber used in fields and 
playgrounds. However, the partner agencies have not yet determined whether comprehensive 
risk assessments of recycled tire crumb rubber used in fields and playgrounds will be needed to 
determine if there are human health risks.  

Playground Surface Types 
While recycled tire crumb rubber is used with few variations as infill on synthetic turf athletic 
fields, a wider variety of options for recycled tire materials of various sizes and shapes is 
marketed for use as playground surfacing. CPSC staff used a combination of resources to gather 
information about how recycled tire materials are used in playground surfacing. These resources 
included ASTM voluntary standards regarding playground surfacing, online marketing websites 
for playground surfacing manufacturers and installers, in-person tours of tire recycling facilities, 
public meetings with representatives of the Synthetic Turf Council and the Recycled Rubber 
Council, research on playground surface installation and rubber tile production, and visits to 
public playgrounds in the Washington, D.C., metropolitan area. In addition, CPSC staff reviewed 
a guide for choosing playground surfaces for compliance with the Americans with Disabilities 
Act, published by the International Playground Equipment Manufacturers Association17 

(IPEMA, 2013). Based on these resources, meetings and observations, CPSC staff identified five 
general types of playground surfaces that are made with recycled tire materials: (1) loose-fill 

17 Choosing IPEMA-Certified Playground Surfacing to Meet ADA Requirements, A Resource is available at 
http://www.ipema.org/documents/IPEMA%20Installation%20Guide_Final.pdf. 
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rubber, (2) rubber tiles, (3) poured-in-place, (4) bonded rubber, and (5) synthetic turf. Other non-
rubber surfacing types commonly found on playgrounds include loose-fill wood products (e.g., 
mulch, chips, and engineered wood fiber), sand, and pea gravel. These non-rubber options are 
not addressed in the Federal Research Action Plan. Additionally, this review does not include the 
use of playground equipment (e.g., tire swings or climbing structures) made from whole or 
partial tires. The Public Playground Safety Handbook describes that appropriate playground 
surfacing should be designed and tested to comply with ASTM F1292-13, Standard 
Specification for Impact Attenuation of Surfacing Materials Within the Use Zone of Playground 
Equipment18 (CPSC, 2010; ASTM International, 2013b). 

Playground surfaces can be divided into two main categories: loose-fill systems and unitary 
systems. A loose-fill system consists of small, independent, moveable components, such as sand, 
gravel, wood chips, engineered wood fiber, rubber particles, and similar materials (ASTM 
International, 2015a). A unitary system consists of one or more components bound together, such 
as foam composites, urethane/rubber systems, like prefabricated blocks, tiles, or mats, or as 
poured-in-place and similar materials (ASTM International, 2015a).  

Loose-Fill Rubber is a loose-fill system consisting of rubber nuggets or buffings and is 
sometimes described as rubber mulch. Nuggets are rubber granules, irregular in shape, with a 
maximum dimension of approximately 3⁄8 in. to 7⁄8 in. (9.5 mm to 22.2 mm) (ASTM 
International, 2014a). Buffings are elongated rubber strands with approximate dimensions of 
0.039 in. to 0.375 in. thick (1 mm to 9.5 mm), 0.039 to 0.50 in. (1 mm to 12.7 mm) wide, and 
0.079 in. to 3.0 in. (2 mm to 76.2 mm) long (ASTM International, 2014a). The nuggets or 
buffings are typically created from recycled tires. Rubber mulch intended or marketed for 
landscaping or gardening uses may not be appropriate for use as a playground surfacing; 
consumers should verify on the packaging or product label that it is safe for use on playgrounds. 
All playground surfacing should comply with the impact attenuation standards per ASTM 
F1292-13 (ASTM International, 2013). The Public Playground Safety Handbook describes that a 
6-inch depth of loose-fill rubber protects to a fall height of 10 feet (CPSC, 2010). ASTM F3012­
14 describes specifications for loose-fill rubber as a playground surface and includes standards 
for rubber particle size, hazardous metal content, total lead content, tramp metal content, and 
sharp tramp metal content (ASTM International, 2014a). Loose-fill surfacing requires frequent 
maintenance to ensure surfacing levels never drop below the minimum depth. Areas under 
swings and at slide exits are more susceptible to displacement; special attention must be paid to 
maintenance in these areas. In addition, wear mats can be installed in these areas to reduce 
displacement. The Public Playground Safety Handbook notes that loose-fill systems should be 
avoided for playgrounds intended for toddlers (CPSC, 2010). 

Rubber Tiles provide a unitary system consisting of factory-formed tiles, mats, or pavers made 
of an energy-absorbing material, such as recycled tire rubber. Rubber pieces of varying sizes are 
formed into solid design shapes with pressure and heat and/or a binder such as polyurethane. 
Tiles are considered low maintenance. Some manufacturers produce tiles with surface coatings 
to provide color options and/or durability from wear. The Public Playground Safety Handbook 
and ASTM standards do not provide specific recommendations for rubber tile playground 

18 All ASTM standards can be found at: https://www.astm.org/. 
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surfacing, except that all playground surfacing should comply with the impact attenuation 
standards per ASTM F1292-13 (CPSC, 2010; ASTM International, 2013).  

Poured-in-Place (PIP) describes a unitary system that consists of a combination of rubber 
crumb, chips, or rubber buffing, or all three, with a polymer binder in specific percentages 
determined by the manufacturer/installer that is mixed proximate to the playground and poured 
in one or more layers on a prepared base to provide a smooth and seamless surface. The poured­
in-place surface is generally installed in two layers, with the lower layer being a cushioning layer 
and the top being a wearing course (ASTM International, 2012). The wear-coarse layer usually 
consists of ethylene propylene diene monomer (EPDM) or thermoplastic vulcanizate (TPV) 
particles mixed with a polymer binder. Polyurethane is commonly used as the polymer binder. 
The wear-coarse layer may be colored for cosmetic effect and provides a durable contact surface 
to protect the cushioning rubber crumb layer from wear and erosion. ASTM F2479-12 describes 
the standards for specification, installation, and maintenance of PIP surfacing (ASTM 
International, 2012). All playground surfacing should comply with the impact attenuation 
standards per ASTM F1292-13 (ASTM International, 2013). 

Bonded Rubber describes a type of PIP system that is typically made with a single layer of 
buffing-size rubber particles mixed with a polymer binder and less densely applied than the two-
layer PIP systems described above. Bonded rubber often provides a lower-cost option than other 
unitary surfaces, and it is porous, allowing water to flow through it. Bonded rubber surfacing is 
not specifically described in the Public Playground Safety Handbook or ASTM standards 
(CPSC, 2010). Because it is a type of PIP surfacing, ASTM F2479-12 standards should apply, as 
well as the impact attenuation standards per ASTM F1292-13 (ASTM International, 2012; 
ASTM International, 2013). 

Synthetic Turf is an engineered artificial grass product that gives a playground surface the 
appearance of natural grass but offers impact attenuation protection. Less information is 
available on synthetic turf as a playground surface type than for the loose-fill and PIP surfaces. 
Synthetic turf used on playgrounds appears to differ from the synthetic turf used on athletic 
fields. A review of the marketing material (i.e., websites) for synthetic turf on playgrounds 
indicates that it consists of an artificial grass “carpet” installed over a PIP unitary system 
(buffing or crumb-size rubber) or a layer of porous closed-cell composite or other cushioning 
material. Synthetic turf on playgrounds may include an infill material to support the artificial 
grass blades. However, CPSC staff was unable to find any installers that advertise the use of 
recycled tire crumb rubber as an infill as it is used in athletic fields. Sand with or without a 
polymer coating appears to be the most common infill material used on playground turf. The 
Public Playground Safety Handbook does not address synthetic or artificial turf as a playground 
surfacing material (CPSC, 2010). The published ASTM standards for synthetic turf appear to be 
specific to turf used on athletic fields and not playgrounds (ASTM International, 2009a, 2009b, 
2015b, 2014b, 2011, 2015c, 2016). However, because the sub-turf layer appears to be a type of 
PIP surfacing, ASTM F2479-12 standards should apply, as well as the impact attenuation 
standards per ASTM F1292-13 (ASTM International, 2012; ASTM International, 2013). 
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Distribution of Playgrounds in the U.S. 
No information was found regarding the total number of public playgrounds in the U.S. One 
survey reports that there are 13,486 public park playgrounds in the 75 largest cities in the U.S., 
with a median value of 2.3 playgrounds per 10,000 residents of those cities (The Trust for Public 
Land, 2016). CPSC staff presumes the actual count of public playgrounds would be several-fold 
higher, because large regions of the country are not captured in the Trust for Public Land survey. 
The survey does not capture public/private schools, child care facilities, restaurants, or 
residential housing developments. Additionally, CPSC staff did not find information about 
whether there are regional variations or preferences for any of the five playground surface types 
described above. 

Literature Review/Gaps Analysis for Playgrounds 
The interagency Literature Review/Gaps Analysis (LRGA) report is presented in Appendix B of 
this status report. Thorough searches of scientific literature databases for studies of recycled tire 
crumb rubber and its uses on athletic fields and playgrounds identified 95 references for 
consideration. Seven of these were not included in the final analysis because they were not 
directly related to the scope of the project. Of the remaining 88 relevant references, eight were 
identified by the LRGA team that specifically examined “playground” environments with 
recycled tire surfacing. Descriptions of these references and others identified by CPSC staff are 
provided below. Some references identified in the literature searches use the term “playground” 
to describe playing fields or athletic fields and do not refer to children’s playgrounds as 
recognized by the CPSC. These studies (Bocca, et al., 2009; Kim, et al., 2012b; Menichini, et al., 
2011) were included in the LRGA review for recycled tire crumb rubber on fields, but they were 
excluded from the CPSC’s specific review of playgrounds.  

Two reports described original laboratory studies of direct health effects of playground surfacing 
made of recycled tire rubber. 

Birkholz, et al. (2003) tested a dimethyl sulfoxide (DMSO) extract of tire crumb rubber in a 
series of three in vitro screening assays for genetic toxicity. No signs of mutagenicity or other 
genetic toxicity, with or without metabolic activation, were reported. The researchers also 
performed a battery of aquatic toxicity assays using bacteria, invertebrates, fish and algae. The 
test materials were water leachates of both new tire crumb rubber and samples of tire crumb 
rubber collected from a playground 3 months after application on the playground (the 
playground surface type was not specified). All leachate samples were found to be toxic to all 
test species; but when potency was quantified, the aqueous leachate from 3-month-old tire crumb 
rubber collected at a playground was 59 percent less potent than leachate from unused tire 
crumb. The authors concluded: “the use of tire crumb in playgrounds results in minimal hazard 
to children and the receiving environment.” Limitations of this study for evaluating the potential 
health effects of recycled tire material on playgrounds include: (1) the genetic toxicity assays 
reported only address one possible health effect pathway (mutagenicity and carcinogenicity); (2) 
DMSO extraction may not be representative of the bioavailability of tire crumb rubber 
constituents in a playground exposure scenario; (3) no information was available about the 
chemical composition or concentrations of the extract or aqueous leachate. 
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California’s Office of Environmental Health Hazard Assessment (OEHHA, 2007) conducted a 
skin sensitization assay of three recycled rubber playground surfaces. The researchers used a 
modified Buehler method for solid materials according to testing guidelines (US EPA, 1998) and 
in accordance with Good Laboratory Practices at Product Safety Laboratories. Guinea pigs were 
the test animals. The three test materials included loose crumb rubber made from recycled tires, 
tiles molded from tire shreds mixed with a binder, and tiles molded from particles of the 
synthetic rubber EPDM mixed with a binder. Appropriate positive and negative controls were 
included in the study design for induction and challenge phases. None of the components of 
rubberized playground surfaces caused any skin sensitization, while the positive control 
substance (alpha-Hexylcinnamaldehyde) produced positive reactions in 40 percent to 50 percent 
of the animals. The researchers concluded that “playground surfaces made of recycled tires do 
not constitute a skin sensitization risk to children.” 

Five reports described laboratory analyses of extractable organic compounds and metals from 
recycled rubber playground surfacing, and two of these used exposure modeling to estimate risk 
of adverse health effects.  

Llompart, et al. (2013) analyzed the chemical composition of recycled tire playground surfacing 
and pavers. Loose-fill rubber mulch made from recycled tires was collected from nine 
playgrounds. Pavers (rubber tiles) made from recycled tires were purchased new from a retail 
source. Heated (120 ˚C) ethyl acetate extractions were analyzed by gas chromatography–mass 
spectrometry (GC-MS). The researchers concluded that “[t]he analysis confirmed the presence 
of a large number of hazardous substances including polyaromatic hydrocarbons (PAHs), 
phthalates, antioxidants, benzothiazole and derivatives, among other chemicals. The study 
evidences the high content of toxic chemicals in these recycled materials. The concentration of 
PAHs in the commercial pavers was extremely high, reaching values up to 1%.” Limitations of 
this study for evaluating the potential health effects of recycled tire material on playgrounds 
include: (1) the ethyl acetate extraction is not representative of the bioavailability of the analytes 
in a realistic exposure scenario, and (2) the study was apparently conducted in Spain, so the 
recycled tires in the products analyzed may not be representative of recycled tires in the U.S..  

Celeiro, et al. (2014) analyzed samples of recycled tire playground surface material (from an 
indoor playground) for the presence of PAHs and other organic compounds. Samples of a 
poured-in-place indoor playground surface with a green wear-course layer were cut into small 
pieces and extracted with ultrasound assistance in ethyl acetate. The lower black tire crumb 
rubber layer was analyzed separately from the green upper wear-course layer (possibly made of 
EPDM or TPV). The solvent extractions were analyzed by GC-MS to identify and quantify 
PAHs and other target compounds. The analyses found that the solvent extracts contained 14 
PAHs and other compounds of concern including phthalates, adipates, antioxidants and 
benzothiazole. Total PAH concentrations were 170 µg/g and 295 µg/g in the green and black 
layers, respectively. Diethylhexyl phthalate (DEHP) was found at concentrations greater than 
3000 µg/g in the green wear course layer. In the black recycled tire layer, concentrations of 
DEHP at more than 4,500 µg/g were found. An additional aqueous leaching study of the rubber 
playground surface found a concentration of 2223 ng/mL total PAHs (nine PAH substances) in 
the water leachate. The researchers concluded that “[t]he presence and the high concentrations 
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of these chemical compounds in playgrounds should be a matter of concern owing to their high 
toxicity.” 

Highsmith, et al. (2009) conducted a scoping-level field monitoring study of synthetic turf and 
playgrounds in the U.S. Air samples were collected 1 m above a loose-fill rubber playground 
surface, and loose-fill rubber samples were collected at the same playground. The report 
described the playground surface as “tire crumb”; but based on the report’s description of the 
rubber (i.e., “pieces were larger than 1 g”), it appears that the surface was loose-fill rubber 
“mulch”-sized pieces, rather than the “crumb size” particles used as synthetic turf infill. Air and 
rubber samples were analyzed. Concentrations of PM10 particles and metals at the playground 
site with high play activity were higher than background levels. All PM10 air concentrations were 
well below the National Ambient Air Quality Standards (NAAQS) for PM10 (150 μg/m3). All air 
concentrations for lead (Pb) were well below the NAAQS for Pb (150 ng/m3). The researchers 
concluded: “concentrations of components monitored in this study were below levels of concern; 
however, given the very limited nature of this study (i.e., limited number of components 
monitored, samples sites, and samples taken at each site) and the wide diversity of tire crumb 
material, it is not possible to reach any more comprehensive conclusions without the 
consideration of additional data.” This was a limited scoping-level study designed to evaluate 
the methods for generating quality environmental data for selected tire crumb rubber constituents 
and for understanding potential exposure routes and pathways. The study was not designed to 
provide representative U.S. environmental measurement data for all tire crumb rubber 
constituents or applications. The researchers intended to collect samples at more playgrounds, 
but they experienced difficulty gaining permission to collect samples. 

OEHHA (2007) used a wipe sampling method to estimate the chemicals that might be transferred 
to a child’s hand through contact with a unitary playground surface made of recycled waste tires. 
The protocol was modified from the US EPA (2003) protocol used to wipe-sample arsenic from 
CCA-treated wood using 9-inch-by 9-inch square polyester wipes. Field control wipes were 
performed on nearby sections of cement sidewalk. See OEHHA (2007) for sampling and 
analytical method details. One metal (zinc) and four PAHs (chrysene, fluoranthene, 
phenanthrene, and pyrene) were measured at levels that were at least three times background. No 
semi-volatile organic compounds (SVOCs) were detected in any wipe sample. The researchers 
used exposure factor values found in the literature to estimate the chronic hand-to-mouth contact 
exposure to selected chemicals playing at a playground with a unitary recycled tire surface by a 
15-kg 3-year-old child. Assuming ingestion of the above five chemicals via chronic hand-to­
mouth contact, exposures were below the corresponding chronic screening values, suggesting a 
low risk of adverse non-cancer health effects. Of the five substances, only chrysene was 
identified as a carcinogen by California. Assuming playground use from 1 through 12 years of 
age, an increased cancer risk of 2.9 x 10-6 was calculated, due to the chronic hand-to-mouth 
ingestion of chrysene. This risk is slightly lower than the di minimis risk level of 1 x 10-6, 
generally considered an acceptable cancer risk because of its small magnitude compared to the 
overall cancer rate (OEHHA, 2007). Therefore, none of the chemical exposures from hand-to­
mouth contact from recycled tire playground surfacing raised concerns about health effects in 
children. The authors acknowledge that many of the uncertainties in the assumptions used in 
their modeling could overestimate or underestimate actual health risk.  
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OEHHA (2007) also exposed shredded tire rubber to simulated gastric fluid to simulate the 
release of constituent chemicals that would occur in the stomach after a child swallowed a rubber 
nugget or buffing. Twenty-two chemicals, including metals and organic compounds, were 
released from tire shreds during a 21-hour incubation period at 37˚C. The researchers used an 
exposure model for a 15-kg child ingesting 10 g of tire rubber to estimate the bioavailable oral 
dose. All of the calculated exposure-dose levels were at or below the corresponding screening 
value, suggesting a low risk of adverse non-cancer health effects. Five of the leaching chemicals 
were currently listed by California as carcinogens by the oral route, but the experimental 
concentrations applied to the model were associated with a 3.7 x 10-8 increased risk of cancer, 
lower than the di minimis risk level of 1 x 10-6. Therefore, a low risk adverse health effects was 
predicted from this model of a 15-kg child ingesting 10 g of tire rubber. 

CPSC staff identified six literature reviews and other assessments of the health and ecological 
risks associated with the use of recycled tire rubber in consumer applications and that 
specifically address recycled rubber on playgrounds. These reviews and assessments do not 
report any original data or specific exposure modeling, and the references cited in these reports 
that would be of interest to the Federal Research Action Plan have been captured in the LRGA 
document in Appendix B of this status report. The conclusion of these reviews varies; some 
support the relative safety of tire crumb rubber playground surfaces (Simon, 2010; Cardno Chem 
Risk, 2013; LeDoux, 2007; Anderson, et al., 2006), while others expressed concerns about 
hazards to children’s health (Sullivan, 2006; Environmental and Human Health, Inc., 2007). The 
authors of many of these reviews discuss the limitations of the available data and indicate that 
additional studies are needed to support the safety of recycled tire rubber in playground 
surfacing. 

The LRGA report notes that data gaps were more pronounced for recycled tire crumb rubber on 
playgrounds and indoor fields than for outdoor synthetic turf fields. CPSC staff and the 
interagency LRGA team did not identify any epidemiological studies on any of the topics 
included in the Federal Research Action Plan. 

Exposure Characterization for Recycled Tire Materials on Playgrounds 
The Federal Research Action Plan includes an objective that the federal partners will 
“characterize exposures, or how people are exposed to these chemical compounds based on their 
activities on the fields.” CPSC staff interprets this objective also to include activities on 
playgrounds. 

No studies identified by CPSC staff or the LRGA team have measured children’s exposure to 
chemicals from playing on recycled tire rubber playground surfaces. The OEHHA (2007) studies 
used exposure models to estimate children’s oral exposure to selected substances in rubber 
playground surfaces from hand-to-mouth contact and direct ingestion of rubber pieces. These 
appear to be quality laboratory studies, and the modeling methods used may be useful for 
CPSC’s work, but they are limited in scope because the studies assessed only oral exposures. 
Children on playgrounds can be exposed to playground surfacing materials by oral, dermal, and 
inhalation routes. Oral exposure can occur by directly mouthing the surface materials, 
ingestion/swallowing of loose materials, hand-to-mouth contact, object-to-mouth contact, and by 
eating food or drinking beverages while on the playground surface. Direct dermal contact with 
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surface materials can lead to transdermal absorption of certain substances while children touch or 
carry surfacing with their hands, walk barefoot, or wear short pants or sleeves that allow a larger 
surface area of exposed skin. Some activities, such as burying in or throwing loose-fill materials 
can add to dermal exposure. Volatile compounds released from rubber and fine particles 
suspended in the air by disturbing the surface can be inhaled. 

Performing experimental studies of children’s exposure to chemicals would be complicated by 
ethical and practical challenges. No epidemiological or bio-monitoring studies of children on 
rubber playground surfaces are available. The next best method to estimate exposure, without 
doing direct measurements in children, is to use mathematical models. Modeling allows 
researchers to estimate chemical exposure by using quantitative exposure factors and activity 
patterns in combination with experimentally measured chemical concentration and 
bioavailability data. For example, OEHHA (2007) used a simple hand-to-mouth exposure model 
to estimate oral mass exposure rate (using zinc as an example): 

Hand-loaded zinc concentration (μg/cm2) × hand surface area transferring zinc to mouth 
(cm2/hand-to-mouth event) × total events (hand-to-mouth events/day) × hand-to-mouth transfer 

efficiency (dimensionless) = oral mass exposure rate (μg/day) 

In this model, the hand-loaded zinc concentration was determined by analysis of wipe samples 
collected at a playground. The other variables are examples of exposure factors and represent 
behavioral (hand-to-mouth events/day), anatomical (hand surface area), and physico-chemical 
(hand-to-mouth transfer efficiency) factors found in the literature to develop its exposure 
estimates (OEHHA, 2007). Dividing the daily oral mass exposure rate by the child’s body weight 
(in kg) will provide a daily oral dose of the chemical in units of μg/kg-day. An oral dose value 
can then be compared to a toxicological reference value, such as a reference dose (RfD) or 
cancer slope factor (CSF), to predict the risk of specific health effects. 

Exposure models can be simple or complex, depending on the variables the modelers have 
available and/or the specific questions being addressed by the model. Modeling can also 
demonstrate the impact of changes to a single variable on the output figure. Some exposure 
factor data can be found in the scientific literature, but the scenarios of children playing on each 
of the types of playground surfacing are too specific to be represented accurately by generic 
playground activity data. At a minimum, CPSC staff will need certain data describing children’s 
behaviors and activities on playground surfaces, frequency and duration of playground visits, 
how children are dressed on playgrounds, and more. Certain anatomic and physiological factors, 
such as skin surface area of hands, body weights at various ages, and respiratory rates during 
active play can be acquired from the literature.  

To estimate the exposure of children to recycled tire rubber constituents on playgrounds, the 
CPSC will require the chemical characterization and bioavailability results that are currently 
being collected by the EPA and ATSDR under the Federal Research Action Plan. No exposure 
modeling for playgrounds can be completed until these data are available. Meanwhile, the CPSC 
is gathering data that will inform the behavioral exposure factors and activity patterns.  
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